Abstract -The objective of this work was to quantify the genetic divergence among accessions of white-type acai palm (Euterpe oleracea), through morpho-agronomic characters. The accessions belong to the active acai palm germplasm bank of Embrapa Amazônia Oriental. Thirteen characters were evaluated in 26 accessions, originated from six municipalities in the state of Pará, Brazil. The data were subjected to deviance and multivariate analyses, based on the average Euclidean distance, and were grouped by Tocher's method and the unweighted pair group method with arithmetic mean (UPGMA). The accessions differed for eight characters. The distances among accessions ranged from 0.64 to 2.62, with an average of 1.36, and four groups were formed by Tocher's method and two by the UPGMA. Seven major components explained 88.03% of the variation, whose graphic dispersion showed the tendency of forming four groups. The characters weight of 100 fruits, number of rachillae per bunch, and fruit yield per bunch contributed the most to the divergence, and the accessions from the municipalities of Breves, Curralinho, and Limoeiro do Ajuru were the most divergent. Therefore, the accessions of white acai palm show strong divergence and variability, which favor the selection of desirable individuals. 
Introduction
Acai palm (Euterpe oleracea Mart.) is a perennial species that is widely distributed in the Amazon. Its natural habitat are the floodplains along the Amazon estuary in the state of Pará, Brazil, where it has several uses (Menezes et al., 2008; Favacho et al., 2011) . Pará is the main producer and consumer of acai (Farias Neto et al., 2012) , which is usually served as a drink obtained from fresh and in natura pulp extracted from the fruit. The color of the epicarp of the fruit can be purple or yellowish-green . The purple type is known worldwide as energy boosting, with high nutritional value, containing antioxidants; the white-type or "tinga" acai is more restricted to the local and regional markets, which explains why there is little morphological, agronomical, and nutraceutical information on the species.
Studies on the estimated variability and genetic divergence between accessions stored in germplasm banks provide the necessary information to subsidize genetic improvement programs for any species Gomes Junior et al., 2014) . Using this information, the plant breeder is able to plan and define work strategies (Schuster et al., 2006; Cruz et al., 2011) . Variability and genetic divergence can be inferred through several descriptors, which represent a group of inheritable characters, including morphological, agronomic, cytogenetic, biochemical, physiological, and molecular ones (Schuster et al., 2006; Afonso et al., 2014; Beovides García et al., 2014) .
In most of collections, the morphological and agronomic characters stand out because of their low costs and ease in being detected and quantified (Andrade et al., 2011) , especially the morphological ones, which are less affected by the environment and present a high heritability (Elameen et al., 2011; Vieira et al., 2013) . These descriptors are fundamental to reveal the characteristics of new genetic materials, besides affecting decisively the choice of varieties by farmers and other interested parties.
Genetic divergence is estimated through predictive methods, using data from various morpho-agronomic characters -both qualitative and quantitative -, since they evaluate each plant multidimensionally, giving a holistic view of each genotype (Cruz et al., 2011) . When these methods are used, the quantification of divergence is calculated through a measure of distance, such as, for example, the Euclidean distance, interpreted and visualized through multivariate procedures. In the case of the studied species and of other palm trees, some morpho-agronomic descriptors are tested in the germplasm, in order to quantify genetic divergence (Oliveira et al., 2006 Galate et al., 2012; Domiciano et al., 2015) . The lack of documentation, description, and evaluation of the genetic materials in the existing collections is a limiting factor for studies on the conservation and use of plant germplasm; in the case of white acai, there is no information available in the literature.
The objective of this work was to quantify the genetic divergence among accessions of white-type acai palm, through morpho-agronomic characters.
Materials and Methods
Twenty-six accessions of white acai palm, stored in the active germplasm bank (BAG) of Embrapa Amazônia Oriental, located in the municipality of Belém, in the state of Pará, Brazil, were evaluated (Table 1) . Each accession represents a free-pollination progeny, formed by fruit collected from six sources (municipalities in the state of Pará) in the floodplains of the Amazon estuary, at Marajó Island.
The BAG was established in February 2003, in an isolated area (1º27'21"S, 48º30'16"W, at an altitude of 10.8 m) -in order to prevent the flow of pollen from the purple type -, using live plants grown in field conditions, in a dryland area. The climate of the region, according to the Köppen-Geiger classification, corresponds to the hot and humid type (Afi), characterized by a rainy season with mean rainfall of 2,740 mm, temperature of 26ºC, and relative humidity around 90%. The experimental design was completely randomized, with ten replicates, and each plot was represented by one plant, spaced at 5x5 m, totaling 260 plants.
In each accession, 13 morpho-agronomic characters were analyzed, of which 5 were morphological and 8 agronomic. The morphological characters were evaluated once in 2015, whereas the agronomic ones, related to fruit production, were assessed from 2008 to 2014. Due to the loss of plants in this BAG, attributed to the poor adaptation to dry land conditions, lightning rays, among others, data were collected from a varying number of plants: for the morphological characters, from 5 to 10 plants, and for the agronomic ones, from 2 to 10 plants, totaling 219 and 163 plants, respectively (Table 1) .
The morphological characters studied were: type of stipe (TS), according to a grade scale of 0 to 1, in which 0 represents a solitary stipe, and 1 a clumpforming one; number of offshoots per plant (NSP); number of offshoots bearing fruit per plant (NSFP), by counting those on each plant; circumference of the offshoot at chest height (CSCH); and length of the internode (LIN), in centimeters, obtained from the oldest offshoot of the plant. In addition, the following agronomic characters were assessed: color of mature fruit (CorF), also in a grade scale, in which 1 stands for green and 2 for purple (segregants); total number of bunches (TNB), considered as the total sum of the bunches collected from each plant in the study period; total bunch weight (TBW) and fruit weight per bunch (FWB), in kilograms, represented by the mean weight of the bunches and of the fruits per bunch produced in the experimental period; fruit yield per bunch (FYB), in percentage, obtained by the ratio between the characters FWB and TWB; length of the rachis of the bunch (LRB), in centimeters; number of rachillae per bunch (NRB); and weight of 100 fruits (WHF), in grams, determined as the average of the weight of 100 fruits from each bunch, taking into consideration all the bunches collected during the evaluation period.
The analysis of deviance was carried out (Anadeve), using the Selegen software , since the experiment was unbalanced. In this kind of analysis, the effects are not tested by the F-test, but by the likelihood ratio test (LRT), by obtaining: the logarithm of the point of maximum residual likelihood (L), for models with or without effects to be tested; the deviance (D) = -2 Log L, for models with or without effects (heritability) to be tested; the difference between the deviances for models with or without effects (heritability) to be tested, in order to determine the likelihood ratio (LR); and the significance of this difference via the LRT, by means of the chi-square test with one degree of freedom.
The estimates of the genetic distances between the 26 accessions and the six sources evaluated were obtained from the average Euclidean distance between genotypes i and i´ (dg ii´) , calculated using standard data, to eliminate the problem related to the grade scales, by the Genes software (Cruz, 2006) . The standardization of data was done based on the formula: x ij = X ij /S(X j ), in which x ij is the standardized data; X ij is the observation made in the i-th genotype (i= 1, 2, ..., 26 for the accessions, and i= 1, 2, ..., 6 for the sources, in relation to the j-th character selected j= 1, 2, ..., 13); and S (X j ) is the standard deviation of the No. of plants evaluated (1) 1 Breves 1°40'57" 50°28'51" 10 3,4,5,7,8,9,10 2 Breves 1°40'57" 50°28'51" 10 1,2,3,4,6,7,8,9,10 3 Breves 1°40'57" 50°28'51" 10 1, 3, 5, 6, 7, 8, (9) ,10 4 Breves 1°40'57" 50°28'51" 10 1,4,5,6,7,10 5 Curralinho 0°32'11" 49°11'4" 40 1,2,3,4,5,6,7,8,9,10 6 Curralinho 0°32'11" 49°11'4" 40 1,2,3,4,5,6,7,9,10 7 Curralinho 0°32'11" 49°11'4" 40 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 8 Curralinho 0°32'11" 49°11'4" 40 1, 2, 3, 5, 7, 8, 9, 10 9 Limoeiro do Ajuru 1°53'53" 49°23'27" 4 1, 2,3,4,5,6,7,8,9,10 10 Limoeiro do Ajuru 1°53'53" 49°23'27" 4 1, 2,3,4,5,6,7,8,9,10 11 Limoeiro do Ajuru 1°53'53" 49°23'27" 4 1,2,3,5,7,9 12 Muaná 1°31'2" 49°13'3" 11 1, 2, 3, 4, 6, 9, 10, 11, 12, 13 , 2, 3, 4, 5, 6, 7, 8, 9, 10 22 Muaná 1°31'42" 49°13'3" 11 1, 2, 3, 4, 5, 7, 8, 9, 10 23 São Sebastião da Boa Vista 1º42'47" 49º33'10" 6 1, 3,4,5,7,8,9,10 24 São Sebastião da Boa Vista 1º42'47" 49º33'10" 6 1, 3,5,6,8,10 25 São Sebastião da Boa Vista 1º42'47" 49º33'10" 6 1, 2,4,5,6,7,8,9 26 São Sebastião da Boa Vista 1º42'47" 49º33'10" 6 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 Total 219 (1) Identification of the plants that provided the agronomic data for the multivariate analysis and the analysis of deviance.
Pesq. agropec. bras., Brasília, v.52, n.9, p.751-760, set. 2017 DOI: 10.1590/S0100-204X2017000900007 j-th character. The average Euclidean distance between genotypes i and i´(dg ii' ) was calculated according to Cruz et al. (2011) , through the following formula:
in which n is the number of characters analyzed. The genetic distances obtained between the pairs of accessions and sources were interpreted and visualized using two methods: the unweighted pair group method with arithmetic mean (UPGMA), in which the consistency of the groups was evaluated based on the bootstrap analysis with 1,000 replicates; and Tocher's method, considered to be non-hierarchical, generated by the Genes software (Cruz, 2006) . The UPGMA consists of establishing a dendrogram, whose construction is determined by the most similar genotype, in which the distance (d (ij)k ) between a k individual and a group (accessions or sources) formed by the i and j individuals is given by: d (ij)k = average (d ik ; d jk ). Tocher's method establishes that the distance between the k individual and the group (accessions or sources) formed by the i and j individuals is given by: d (ij)k = d ij + d jk , in which the inclusion or not of the k individual occurs, respectively, if: d (group)k /n≤θ and d (group)k /n>θ in which n is the number of individuals that make up the original group, and θ is the value provided by the software.
The principal components analysis (PCoA) and the analysis of the relative importance of the characters for genetic divergence were performed for the accessions and their sources, using the Singh method (Singh, 1981) ; both analyses were carried out with the Genes software (Cruz, 2006) .
Results and Discussion
Of all the evaluated characters, only NSP, TBW, FWB, FYB, and WHF showed significant differences between the accessions, at 5% probability, and CSCH, LRB, and NRB differed at 1% probability (Table 2) . It should be highlighted that these eight characters are already considered important for the selection of progenies of purple-type acai, since they can be used to obtain considerable gains in fruit yield in acai palm breeding programs (Farias Neto et al., 2007 .
The Euclidean distances between the accessions varied between 0.64 and 2.62, with an average of 1.36, which shows a great divergence between them. Oliveira et al. (2007) also reported a strong genetic divergence, while evaluating 87 accessions of the purple type of acai, through 22 morpho-agronomic descriptors, including the majority of the characters evaluated in the present study. A great divergence between the matrixes of acai palms, which occur naturally in different areas, was also observed by Galate et al. (2014) . The greatest dissimilarity (d ij = 2.62) was found between accessions 1 and 11 from the municipalities of Breves and Limoeiro do Ajuru, respectively, while the lowest (d ij = 0.64) was registered between accessions 18 and 19, both from Ponta de Pedras. Approximately half (45%) of the pairs of accessions of white acai presented dissimilarity above average, which shows the accentuated genetic divergence in the studied material.
Accession 1, from Breves, was the most divergent, when compared with nine accessions (17, 12, 13, 5, 16, 7, 25, 10, and 6 ) from the other locations, with distances of d ij = 2.53 to 2.15. Accession 11, from Limoeiro do Ajuru, also showed high divergence, especially in relation to accessions 3 and 4, with d ij = 2.06 and 2.15, respectively, both from the municipality of Breves. It has been reported that samples of acai palm from Breves differ greatly from those from Oiapoque, in the state of Amapá, Brazil , which showed great phenotypic variations between each other. Therefore, this region could be indicated as a promising area for the collection of germplasm and, also, for the conservation of the species, by adopting on farm or ex situ strategies.
For the group of accessions evaluated, crossings between the most divergent accessions are recommended, in order to obtain individuals with more vigor and a more heterotic effect, mainly among those presenting a superior performance in terms of the character fruit or palm heart production. However, the more similar individuals could be eliminated, in order to reduce costs and labor in the active germplasm bank (Schuster et al., 2006; Cruz et al., 2011) .
When the genetic distances obtained per source were analyzed, a variation of 0.85 to 1.89, with an average of 1.30, was observed. The longest distance was found between Breves and Ponta de Pedras, and the shortest one between Curralinho and Muaná. These results confirm the high divergence in the acai palm germplasm from the municipality of Breves.
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The visualization of the distances, obtained between the pairs of accessions using the UPGMA, allowed for the formation of two divergent groups, with 100% bifurcation consistency (Figure 1 A) : group I, consisting of two accessions (1 and 4), both originating from Breves; and group II, of 24 accessions, that is, with more than 92% of the evaluated material, organized in several subgroups. Similar results were found by Yokomizo et al. (2012) and Galate et al. (2014) , when studying the germplasm of purple acai palm from different locations, also through morphoagronomic characters, using the same method.
Regarding the formation of subgroups, only two were formed in group II, at the genetic distance of 93.25%, whose bifurcation consistency was 65.2% (Figure 1 A) . Group IIa was represented by accession 3, originating from Breves, and IIb by the other accessions, for which four small conglomerates at 77% dissimilarity were observed; the one made up of accessions 2, 11, 13, and 17 had a high consistency of 88.9%.
In general, the dendrogram showed that 64% of the groups formed were reliable and that all distances regarding the accessions from Breves were significant. Other accessions, including two from Curralinho (5 and 6) and from Limoeiro do Ajuru (11 and 9), also stood out due to their distances in the formation of the groups and subgroups. Since, there was at least one accession from Breves in the divergent groups formed by this method, it is possible that the accessions from this source present a discriminant character or specificities that the others do not.
In the dendrogram generated according to sources, two divergent groups were formed: group I, consisting only of Breves; and group II, encompassing the other sources (Figure 1 B) . The bootstrap test showed significance in the formation of these two groups with 100% bifurcation consistency, which confirms the high divergence between the accessions from Breves, in comparison with those from the other locations.
Regarding accessions, four divergent groups were formed by Tocher's method (Table 3) . Groups II and III were similar to those obtained by the UPGMA, which shows, once again, the divergence of the accessions from Breves, especially accessions 1, 4, and 3; the latter formed a group isolated from the other ones. Accession 11, from Limoeiro do Ajuru, was also isolated, as observed with the UPGMA. Regarding sources, two groups were formed by Tocher's method, with the same make up as in the UPGMA. Oliveira et al. (2007) and Galate et al. (2014) used the same methods and obtained similar results, when determining the genetic divergence among purple acai palms. This divergence could be due to a strong effect of the origin of the acai crops, most of them from the floodplains around the Amazon estuary, which are inundated areas affected by the movement of the tides, i.e., inundation occurs daily, according to the ebb and flow of the waters from the rivers and creeks, with an indirect link to the movement of the sea (Marinho, 2009) . Table 2 . Analyses of deviance of the characters number of stipes per plant (NSP), number of fruiting offshoots per plant (NFSP), circumference at chest height (CSCH), length of five internodes (LIN), total number of bunches (TNB), total bunch weight (TBW), fruit weight per bunch (FWB), fruit yield per bunch (FYB), length of the rachis of the bunch (LRB), number of rachillae per bunch (NRB), and weight of 100 fruits (WHF), evaluated in 26 accessions of white acai palm (Euterpe oleracea), stored in the active acai palm germplasm bank of Embrapa Amazônia Oriental, located in the municipality of Belém, in the state of Pará, Brazil (1) . In the Amazon estuary, the water, as it invades the floodplains, deposits larger and heavier debris near the river banks, while tiny particles and lighter substances, such as seeds, are transported to more distant points. These environmental conditions, in which most acai crops are found, are peculiar and could favor the migration of the seeds from one municipality to another or from one population to another. Furthermore, the intense commercialization, in the 1940s, of fruits of this palm among municipalities, especially between Muaná and São Sebastião da Boa Vista, caused the seeds to undergo a strong anthropogenic flow (exchanges between riverside dwellers), which must also have contributed to the migration process of the acai palm populations (Marinho, 2009) .
Migration corresponds to the incorporation of individuals and alleles in a particular population, and is much greater in nearby populations than in those that are geographically distant (Ramalho et al., 2012) . A greater divergence was found for the accessions of the municipalities of Breves and Curralinho, which are further away geographically from São Sebastião da Boa Vista, Muaná, Ponta de Pedras, and Limoeiro do Ajuru.
The PCoA showed that the first seven components explained 88.03% of the total genetic variation found in the accessions of white acai palm, and that the remainder was distributed gradually throughout the other components (Table 4 ). The first component was responsible for 27.82% of the total variation, and the Figure 1 . Groups formed by the unweighted pair group method with arithmetic mean (UPGMA) among 26 accessions (A) and six sources (municipalities) (B) of white-type acai palm (Euterpe oleracea), stored in the active acai palm germplasm bank of Embrapa Amazônia Oriental, located in the municipality of Belém, in the state of Pará, Brazil, using Euclidean distances obtained from the following 13 morpho-agronomic characters: type of stipe, number of offshoots, number of fruiting offshoots, circumference of the offshoot at chest height, length of five internodes, color of the mature fruit, total number of bunches, total bunch weight, fruit weight per bunch, fruit yield per bunch, length of the rachis of the bunch, number of rachillae per bunch, and weight of 100 fruits. 
(1)
(2) second and third ones, respectively, for 43 and 56%. Similar values were found by Oliveira et al. (2007) and Galate et al. (2012) , who evaluated samples of purple acai palm from different locations in the Amazon Estuary, using the same morpho-agronomic descriptors. However, in the present study, the percentage of variation accumulated up to the eighth component was much greater -above 92%.
The graphic dispersion based on the three first principal components showed a tendency of forming four groups of accessions: groups I and II, considered the most divergent, were formed by the most disperse accessions, 1 and 3, from the municipality of Breves; group III, included accessions 2, 11, 12, 13, and 17, which were more affected by the first principal component, in which accession 11, from Limoeiro do Ajuru, was the only one near the axis of the third principal component; and group IV, was formed by the other accessions (Figure 2 A) . As to sources, the first three components were responsible for the formation of five groups of dispersion, in which Breves was the most distant (Figure 2 B) . These results are in alignment with those obtained using the UPGMA and Tocher's method, and express the high divergence between the accessions from Breves and the other locations.
Regarding the relative contribution of the characters evaluated for divergence, it was verified that WHF Table 3 . Groups formed by Tocher's method among 26 accessions and six sources (municipalities) of white acai palm (Euterpe oleracea), stored in the active acai palm germplasm bank of Embrapa Amazônia Oriental, located in the municipality of Belém, in the state of Pará, Brazil, using Euclidean distances, based on the 13 following morpho-agronomic characters: type of stipe, number of offshoots, number of fruiting offshoots, circumference of the offshoot at chest height, length of the internode, color of the mature fruit, total number of bunches, total bunch weight, fruit weight per bunch, fruit yield per bunch, length of the rachis of the bunch, number of rachillae per bunch, and weight of 100 fruits. Group Accession I 18, 19, 23, 8, 10, 9, 6, 12, 22, 20, 7, 15, 14, 5, 16, 26, 13, 21, 25, 2, 17 had the greatest effect (76.7%) on the formation of the groups (Table 4 ). Other characters that had a relative participation in the observed divergence were: FYB, with 7.9% for accessions and 15.4% for sources; and NRB, with 6.4% for accessions and 12.3% for sources. Both of these characters had already been reported as important for the selection of progenies of purple acai palms, aiming at fruit production (Farias Neto et al., 2008; Teixeira et al., 2012; Oliveira et al., 2015; Yokomizo et al., 2016) . Moreover, the first character stood out because it facilitates the choice, by the breeder, of progenies according to fruit size -small fruits are preferred by sellers, due to the larger amount of pulp after being processed (Farias Neto et al., 2011) . Nunes et al. (2010) pointed out that, besides being important for the selection of the best genotypes in Figure 2 . Graphic dispersion of 26 accessions (A) and six sources (municipalities) (B) of white-type acai palm (Euterpe oleracea), stored in the active acai palm germplasm bank of Embrapa Amazônia Oriental, located in the municipality of Belém, in the state of Pará, Brazil, based on three main components (weight of 100 fruits, number of rachillae per bunch, and fruit yield per bunch), established by the linear combination of the following 13 morpho-agronomic characters: type of stipe, number of offshoots, number of fruiting offshoots, circumference of the offshoot at chest height, length of five internodes, color of the mature fruit, total number of bunches, total bunch weight, fruit weight per bunch, fruit yield per bunch, length of the rachis of the bunch, number of rachillae per bunch, and weight of 100 fruits. any species, the character fruit weight can also be used as a standard and allows offering a good product for the market. Based on these results, the accessions of white-type acai palm should be sorted out according to fruit size and weight, since the character WHF most contributed to the morpho-agronomic characterization of the studied germplasm. These results may aid in research projects, increasing scientific knowledge of white-type acai, when approached as a differentiated product, that is, as "a new type of acai".
Conclusions
1. The accessions of white-type acai palm (Euterpe oleracea) show strong genetic divergence, and the characters weight of 100 fruits, number of rachillae per bunch, and fruit yield per bunch contribute the most to this divergence.
2. The accessions obtained from the municipalities of Breves, Curralinho, and Limoeiro do Ajuru, in the state of Pará, Brazil, are the most divergent.
3. The germplasm of white-type acai palm presents genetic variability in eight of the morpho-agronomic characters evaluated, which facilitates the selection of individuals desirable for plant breeding programs.
